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WKHZHOGFRQVLGHULQJWKHKHDWDIIHFWHG]RQH>@&RQWDFWHOHPHQWVDUHXVHGLQRUGHUWRDFFRXQWIRUWKHFRQQHFWLRQ
EHWZHHQSXQFKHVDQGSDQHOVVXUIDFHWRVXUIDFHPRGHOZLWKDFODVVLFDO&RXORPEIULFWLRQPRGHO
5.1.1. Longitudinal Bending Tests 

3DQHOV JHRPHWU\KDVEHHQ FKRVHQ WR DOORZ WHVWZLWK VSDQ/ PP3XQFKHVZHUHSRVLWLRQHG DW/ 
PP LQ WKLVZD\ WKH FHQWUDO SDUW RI WKH SDQHOVZDVQ¶W VXEMHFWHG WR VKHDU VWUHVV/RDGSURILOHV IRU  VDPSOHV DUH
VKRZQ LQ)LJ D 7KH\ KDYH D VLPLODU WUHQG DIWHU WKH OLQHDU HODVWLF UHJLRQ XQWLO DERXW  N1 LV REVHUYHG WKH
JHQHUDOSODVWLFL]DWLRQRIWKHFRPSRQHQWVXQWLOWKHPD[LPXPORDGYDOXHRIN1ZDVUHDFKHG7KHVXEVHTXHQWORDG
UHGXFWLRQRFFXUVE\ ORFDOSODVWLFGHIRUPDWLRQQHDUFHQWUDOSXQFKHV7HVWVZHUH LQWHUUXSWHGDW WKHPD[LPXPYDOXH
DOORZHGRIWKH/9'7DERXWPPZLWKRXWREVHUYHDQ\YLVLEOHFUDFNRQWKHZHOGV7KHJUDSKVVKRZDOVRDIDLUO\
JRRG HODVWLF UHFRYHU\ ,Q )LJ E DUH VKRZQ WKH SLFWXUHV RI WKH HODVWLF VWDJH $ PD[LPXP VWUHVV % ILQDO
GHIRUPDWLRQ&1RQOLQHDU)(DQDO\VLVKDVEHHQSHUIRUPHGLPSRVLQJD\GLVSODFHPHQWDWSXQFKHVDQGFRQVLGHULQJ
WKHFRQWDFWZLWK WKHVKHHWVRI WKHVSHFLPHQ5HVXOWV LQ WHUPVRIHTXLYDOHQW9RQ0LVHVVWUHVVDQGHTXLYDOHQW9RQ
0LVHVSODVWLFGHIRUPDWLRQDUHVKRZQLQ)LJ
432   G. Barbieri et al. /  Procedia Engineering  109 ( 2015 )  427 – 434 


$
%
&


)LJ  /RQJLWXGLQDO EHQGLQJ WHVWVD ORDG SURILOHV E VDPSOH VWDWXV LQ WKH HODVWLF VWDJH $PD[LPXP ORDG % ILQDO GHIRUPDWLRQ & )(
PRGHO



)LJ(TXLYDOHQW9RQ0LVHVVWUHVVDQGHTXLYDOHQWSODVWLFVWUDLQFRQWRXUVRQVSHFLPHQ/RDG3 1GHIOHFWLRQPP

F
6\PPHWU\
FRQVWUDLQW
VLPSOHVXSSRUW
/2$'
D
E
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5.1.2. Transversal Bending Tests 

6DPSOHVJHRPHWU\KDVEHHQFKRVHQLQRUGHUWRKDYHSXQFKHVDQGVXSSRUWVRQWKHH[WUXGHGSURILOHV/RDGSURILOHV
DUHVKRZQLQ)LJ,QWKLVFDVHWKHOLQHDUSDUWLVH[WHQGHGXQWLODERXWPP/RDGYDOXHLVYHU\ORZFRPSDUHGWR
ORQJLWXGLQDOWHVWVWKLVKDSSHQVEHFDXVHWKHVKHHWVDUHQ
WFRQQHFWHGWRJHWKHUEXWRSHUDWHVLQLQGHSHQGHQWZD\LVQRW
SUHVHQWWKHVDQGZLFKHIIHFW>@
)RUWKHVDPSOH7WKHWHVWZDVFDUULHGRXWLQWZRVWHSVLQWKHILUVWVWHSGHIOHFWLRQZDVPHDVXUHGE\WKH/9'7
XQWLOPPLQWKHVHFRQGVWHSGHIOHFWLRQZDVPHDVXUHGE\WKHGLVSODFHPHQWWUDQVGXFHURIWKHPDFKLQHFURVVKHDG
'HVSLWHDORZVWLIIQHVVWUDQVYHUVDOEHQGLQJWHVWVFRQILUPWKHGXFWLOLW\RIWKHORQJLWXGLQDOEHQGLQJWHVWDQGWKHJRRG
EHKDYLRXURIWKHZHOGVWKDWGRQ
WVKRZDQ\IDLOXUHHYHQLIVXEMHFWHGWRYHU\KLJKORFDOGHIRUPDWLRQ
5HVXOWVLQWHUPVRIHTXLYDOHQW9RQ0LVHVVWUHVVDQGHTXLYDOHQW9RQ0LVHVSODVWLFGHIRUPDWLRQDUHVKRZQLQ)LJ
REVHUYLQJWKHODUJH]RQHZKHUHODUJHYDOXHVRISODVWLFGHIRUPDWLRQDUHSUHVHQW




D
E

F

)LJ7UDQVYHUVDOEHQGLQJWHVWVDORDGGHIOHFWLRQFXUYHVE)(PRGHOFVDPSOHVWDWXVDWWKHILQDOGHIRUPDWLRQ

 

)LJ(TXLYDOHQW9RQ0LVHVVWUHVVDQGHTXLYDOHQWSODVWLFVWUDLQFRQWRXUVRQVSHFLPHQ/RDG3 1GHIOHFWLRQPP
/2$'
VLPSOHVXSSRUW
6\PPHWU\
FRQVWUDLQW
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&RQFOXVLRQV
/DVHUZHOGLQJWHFKQRORJ\ZDVDSSOLHGLQWKHUHDOL]DWLRQRIDOXPLQLXPDOOR\VDQGZLFKVWUXFWXUHV7KHPHFKDQLFDO
EHKDYLRXU RI WKH DVVHPEOHG SDQHO ZDV LQYHVWLJDWHG LQ WKH WZR PDLQ RUWKRJRQDO GLUHFWLRQ RI ORDG E\ IRXU SRLQW
EHQGLQJWHVW,W
VSRVVLEOHWRREVHUYHYHU\KLJKGLIIHUHQFHLQVWUHQJWKLQWKHWZRGLUHFWLRQLQWKLVFDVHWKHPHFKDQLFDO
EHKDYLRURIWKHSDQHOLVRUWKRWURSLFDQGWKHSDQHOVQHHGVWREHGHVLJQHGLQIXQFWLRQRIWKHPDLQORDGGLUHFWLRQ,QWKH
WUDQVYHUVDOGLUHFWLRQRIORDGZHREVHUYHKLJKGHIRUPDWLRQZLWKORZORDG7KHZHOGVEHQGLQFRUUHVSRQGHQFHRIWKH
H[WUXGHGSURILOHVZKHUHZDVDSSOLHGWKHORDGZLWKRXWFUDFNGHPRQVWUDWLQJKLJKGXFWLOLW\7KHORZORDGLVGXHWRWKH
DEVHQFH LQ WKLV GLUHFWLRQ RI OLQNV EHWZHHQ WKH H[WHUQDO SODWHV ,Q WKH ORQJLWXGLQDO GLUHFWLRQ WKH SRUWLRQ RI SDQHO
VKRZVKLJKVWUHQJWK7KHORDGLVWUDQVPLWWHGEHWZHHQWKHWZRIDFHVDQGEHWZHHQH[WUXGHGSURILOHV7KHQRQOLQHDU
HODVWLFSODVWLF)(DQDO\VHVFRQILUPUHVXOWVRIEHQGLQJWHVWV7KHVHODVWFRQILUPWKHTXDOLW\RIZHOGLQJSURFHVVWKDW
SURGXFHMRLQWVWUHQJWKDQGGXFWLOLW\LQIDFWLQERWKORDGGLUHFWLRQLW¶VSRVVLEOHWRREVHUYHWKHSODVWLFGHIRUPDWLRQRI
WKHZHOGHGEHDPZLWKRXWYLVLEOHFUDFNVLQWKHZHOGV7KHGDWDDERXWWKHPHFKDQLFDOIHDWXUHVRIWKHZHOGVIRUWKH)(
DQDO\VLVDERXWWKHRIWKHEDVHPDWHULDOVZHUHGHULYHGIURPWHQVLOHWHVWVRQHOHPHQWDU\EXWWMRLQWV7KH6(0
IUDFWRJUDI\RIWKHEXWWMRLQWVKRZVGLPSOHVLQDOOWKHVXUIDFHRIWKHIUDFWXUHFRQILUPLQJWKHJRRGTXDOLW\DQGGXFWLOLW\
RIZHOGVDOVRLQSUHVHQFHRIVRPHOLWWOHPLFURSRURVLW\

$FNQRZOHGJPHQWV

7KHDXWKRUVZRXOG OLNH WR H[SUHVVPDQ\ WKDQNV WR WKH75$,1&RQVRUWLXPZLWKLQ WKH UHVHDUFKSURMHFW6,)(*
,QWHJUDWHGIUHLJKW WUDQVSRUW UDLOURDGJUDQWHGE\ WKH,WDOLDQ0LQLVWU\RI(FRQRPLF'HYHORSPHQWIRU WKH3URJUDP
³,QGXVWULD±0RELOLWj6RVWHQLELOH´
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